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Spotter Talk AgendaSpotter Talk Agenda

•• Why are spotters important?Why are spotters important?
•• Thunderstorm BasicsThunderstorm Basics
•• Science of tornadoes and downburstsScience of tornadoes and downbursts
•• WaterspoutsWaterspouts
•• Reporting criteriaReporting criteria
•• Viewing anglesViewing angles
•• Safety and making a reportSafety and making a report
•• Summary and conclusionsSummary and conclusions



Why are SKYWARN (Severe) Why are SKYWARN (Severe) 
Weather Spotters so important?Weather Spotters so important?

•• Help overcome Doppler Radar limitationsHelp overcome Doppler Radar limitations
•• Provide ground truth which can be Provide ground truth which can be 

correlated with radar signatures correlated with radar signatures prior to,prior to,
during,during, andand afterafter severe weathersevere weather

•• Ground truth reports in warnings heighten Ground truth reports in warnings heighten 
public awareness and allow us to have public awareness and allow us to have 
confidence in our warning decisionsconfidence in our warning decisions



What 3 things do thunderstorms What 3 things do thunderstorms 
need in order to develop?need in order to develop?

• Moisture

• Instability

• Lift



Moisture Instability

Lift associated with 
cold front



Thunderstorm Life CycleThunderstorm Life Cycle
Developing Stage

Towering Cumulus (rising air)

Usually little if any rain

Lasts about 10 minutes

Occasional lightning

Mature Stage
Most likely time for hail 

heavy rain, frequent 
lightning, strong winds, and 

tornadoes

Storm may have black or 
dark green appearance

Lasts an average of 10 to 20 
minutes, but may last much 

longer

Dissipating Stage
Rainfall decreases in intensity

Can still produce a burst of strong winds

Lightning remains a danger



LetLet’’s look at a few s look at a few 
thunderstorm hazardsthunderstorm hazards……



¾”¾” Hail Days per yearHail Days per year
19801980--1999 (Graphics from NSSL)1999 (Graphics from NSSL)



How does hail form?How does hail form?

Where is it in the storm?Where is it in the storm?



Posen Hail Storm  July 13, 2004Posen Hail Storm  July 13, 2004

Posen Posen



Cross Section of the Posen Hail Storm   549 PMCross Section of the Posen Hail Storm   549 PM

Elevated hail core



Cross Section of the Posen Hail Storm  553 pmCross Section of the Posen Hail Storm  553 pm

Hail core begins to 
descend



Cross Section of the Posen Hail Storm  557 pmCross Section of the Posen Hail Storm  557 pm

Hail core descends to the 
ground



Anvil with overshooting top

Cloud clues to identify hail producing Cloud clues to identify hail producing 
thunderstormsthunderstorms

Overshooting Top



Cloud clues to identify hail producing Cloud clues to identify hail producing 
thunderstormsthunderstorms

Bright white columns

Bright White Columns



LightningLightning



How does lightning form?How does lightning form?



Lightning Matching Game
1959-1994  Source:  NOAA

1. Golf and/or standing under trees

2. Water Related

3. Telephone

4. Open fields and recreation areas 
(not golf)

5. Heavy equipment related

6. Unreported

7. Radio and/or antenna related

Match the percentage with the activity where people were 
struck by lightning (either injured or killed)

40%

27%

8%
19%

3%

2%

1%



Lightning SafetyLightning Safety

•• If lightning is occurring move to a If lightning is occurring move to a 
sturdy building or carsturdy building or car

•• Stay away from tall objectsStay away from tall objects
•• Avoid using phones or electrical Avoid using phones or electrical 

appliancesappliances
•• If caught outdoors, find a low spot If caught outdoors, find a low spot 

away from tall objectsaway from tall objects
•• If you feel your skin tingle or hair If you feel your skin tingle or hair 

stand up, squat low to the ground stand up, squat low to the ground 
on the balls of your feeton the balls of your feet

Remember, if you can hear thunder, you 
are close enough to be struck by lightning!



Flooding Flooding –– The The #1#1 weather killerweather killer



Yes, it does flood in Northern Yes, it does flood in Northern 
MichiganMichigan……



Flooding in Arenac County, 2004



Flood safety tipsFlood safety tips

• Never drive across areas where 
water covers the road

• Each foot of water displaces 
about 1500 pounds of vehicle

• Be especially cautious at night, 
when flash flooding is harder to 
recognize



Final flooding thought:  When in Final flooding thought:  When in 
doubt, stay out!doubt, stay out!



NonNon--tornadictornadic thunderstorm windsthunderstorm winds

•• Most of the wind Most of the wind 
damage in northern damage in northern 
Michigan is in the Michigan is in the 
form of straight line form of straight line 
windswinds
–– DownburstDownburst
–– Squall line (bow echo)Squall line (bow echo)



58+ mph Wind Days Per Year58+ mph Wind Days Per Year
19801980--1999 (Graphic from NSSL)1999 (Graphic from NSSL)



Downbursts





The Squall LineThe Squall Line



Common cloud seen with Common cloud seen with 
squall lines squall lines --Shelf cloud Shelf cloud 

Outflow featureOutflow feature



Safety from Safety from 
Thunderstorm WindsThunderstorm Winds

•• If caught outdoors, move inside If caught outdoors, move inside 
away from windows.away from windows.

•• If in your car, slow down and find a If in your car, slow down and find a 
safe place to pull off (if possible, get safe place to pull off (if possible, get 
out and go inside a building)out and go inside a building)

Winds can be as strong or stronger than many
tornadoes. Flying debris causes the majority of
injuries, so stay away from windows!



TornadicTornadic ThunderstormsThunderstorms
Long lived thunderstorms with rotating 

updrafts (supercells)



Tornadoes in Northern MichiganTornadoes in Northern Michigan
1953 - Present



Tornado Days per yearTornado Days per year
19801980--1999 (Graphics from NSSL)1999 (Graphics from NSSL)



Side View of Side View of SupercellSupercell



How do tornadoes form?How do tornadoes form?



Wind shearWind shear
Directional wind 

shear Speed wind shear



Rotation in the horizontal becoming 
rotation in the vertical



Tornado safetyTornado safety

•• Interior room on the lowest floorInterior room on the lowest floor
•• Cover yourself with blankets to protect Cover yourself with blankets to protect 

yourself from flying debris/glassyourself from flying debris/glass
•• In cars and mobile homes, get out and In cars and mobile homes, get out and 

find a more substantial shelterfind a more substantial shelter
–– Do not take cover beneath an overpassDo not take cover beneath an overpass

•• If you canIf you can’’t find a structure, lie flat on the t find a structure, lie flat on the 
ground in a low spot (i.e. ditch)ground in a low spot (i.e. ditch)



Waterspouts Waterspouts 
2 types 2 types –– tornadictornadic and nonand non--tornadictornadic

•• TornadicTornadic -- A tornado over water A tornado over water 
associated with a thunderstorm.  If these associated with a thunderstorm.  If these 
make landfall, they continue on land as a make landfall, they continue on land as a 
tornado. tornado. 

•• NonNon--tornadictornadic -- Typically occur in the early Typically occur in the early 
fall as cold air moves over the relatively fall as cold air moves over the relatively 
warm waters of the Great Lakes.  They warm waters of the Great Lakes.  They 
dissipate rapidly upon landfall.   These are dissipate rapidly upon landfall.   These are 
much more common in Michigan than much more common in Michigan than 
tornadictornadic waterspouts. waterspouts. 



Waterspout on the Great Lakes

A boat?



Severe weather reportingSevere weather reporting

•• National Weather Service criteria and National Weather Service criteria and 
definitionsdefinitions

•• HailHail
•• Wind Wind 
•• DonDon’’t be fooledt be fooled



What Makes a Thunderstorm Severe?What Makes a Thunderstorm Severe?

•• TornadoTornado
•• Winds at least 58 mph Winds at least 58 mph 
•• Hail at least Hail at least ¾¾ inch in inch in 

diameterdiameter

Aurora, NE 
June 22, 2003

Arenac County, 
June, 2005



Watch versus warningWatch versus warning

•• WarningWarning -- Issued when a particular severe Issued when a particular severe 
weather hazard is either imminent or is weather hazard is either imminent or is 
occurring.  Take immediate action to protect life occurring.  Take immediate action to protect life 
and property.and property.

•• WatchWatch -- Issued when conditions are favorable Issued when conditions are favorable 
for a particular severe weather hazard to occur for a particular severe weather hazard to occur 
in the next several hours.  Plan, prepare, and be in the next several hours.  Plan, prepare, and be 
aware.aware.



Estimating Hail Sizes



Tips to making good hail estimatesTips to making good hail estimates
•• First and most important, be safe.  DO NOT go outside First and most important, be safe.  DO NOT go outside 

to measure hail during the storm.to measure hail during the storm.
–– Stay away from windows Stay away from windows 

•• Measure hail as soon as possible after the storm. Measure hail as soon as possible after the storm. 
•• There are several tools you can use to get a hail sizeThere are several tools you can use to get a hail size

–– Hail estimation cards, rulers (calipers most accurate), Hail estimation cards, rulers (calipers most accurate), 
hail boardshail boards



Do not give hail sizes with regard Do not give hail sizes with regard 
to marblesto marbles

Reference hail size in inches or relate it to the
size of a coin.

Quarter
(1 inch)

Nickel Penny
(3/4

inch)

Dime 
(11/16
inch)

We don’t know how big your marbles are!Marble size hail can mean many different things – avoid the 
confusion and use coins or inches.



Estimating and reporting wind Estimating and reporting wind 
speeds and damagespeeds and damage





Weak - <110 mph winds
Strong - 110-205 mph winds

Violent - >205 mph winds

Percent of All Tornadoes by Fujita Scale 
Classification

11%<1%

88%

Weak (F0-F1)

Strong (F2-F3)

Violent (F4-F5)

Percent of Tornado Related Deaths by 
Fujita Scale Classification

70%

~30%
<5%

Weak (F0-F1)

Strong (F2-F3)

Violent (F4-F5)

Fujita Scale



So what should your wind report So what should your wind report 
include?include?



Tree damageTree damage

Grayling, Michigan     June 2005



Roof or shingle damageRoof or shingle damage

Crawford County, Michigan    July, 2005



Buildings damaged or blown Buildings damaged or blown 
downdown



Other damage Other damage 
For exampleFor example……Center Pivot Center Pivot 

Irrigation System tipped overIrrigation System tipped over



Viewing locationsViewing locations



Side View of Side View of SupercellSupercell



Top View of Top View of SupercellSupercell
#1

#2 #3

#4



Position #1 Position #1 –– Looking SouthLooking South
Several miles awaySeveral miles away



Position #2 Position #2 –– Looking NortheastLooking Northeast



Position #3 Position #3 
Looking from the Looking from the 
SoutheastSoutheast



Position #4 Position #4 –– Avoid this location!!Avoid this location!!



Cloud formations to look forCloud formations to look for



Upper Level Storm Clues for Upper Level Storm Clues for 
reportingreporting

Best seen about 20 miles from stormBest seen about 20 miles from storm

•• Hard, flat, cirrus anvil top Hard, flat, cirrus anvil top -- Top of the Top of the 
atmosphere where the cloud top flattens out.atmosphere where the cloud top flattens out.

•• Overshooting top or dome Overshooting top or dome -- A dome of A dome of 
clouds which presses above the anvil top. clouds which presses above the anvil top. 
When is persists for 10 minutes or more this When is persists for 10 minutes or more this 
is indicative of a very strong updraft and is indicative of a very strong updraft and 
severe weather.severe weather.



Anvil with overshooting top

Cloud clues to identify hail producing Cloud clues to identify hail producing 
thunderstormsthunderstorms

Overshooting Top



Mid Level Storm CluesMid Level Storm Clues
Best seen 10Best seen 10--20 miles from storm20 miles from storm

•• Main Storm TowerMain Storm Tower
–– Solid appearance with cauliflower textureSolid appearance with cauliflower texture
–– May be tilted, indicating strong shearMay be tilted, indicating strong shear

•• Flanking LineFlanking Line
–– Row of towering cumulus stairRow of towering cumulus stair--stepping up to main stepping up to main 

storm towerstorm tower

•• Surrounding Clouds DissipatingSurrounding Clouds Dissipating
–– Nearby clouds and other storms may dissipate while Nearby clouds and other storms may dissipate while 

main storm dominates main storm dominates 
–– All available energy will go to main storm towerAll available energy will go to main storm tower



Low Level Storm Clues for Low Level Storm Clues for 
reportingreporting

Best seen 3Best seen 3--8 miles from storm8 miles from storm

•• RainRain--Free Base Free Base -- Low, flat cloud base Low, flat cloud base 
with little visible precipitation falling and with little visible precipitation falling and 
updraft towers above.updraft towers above.

•• Wall Cloud Wall Cloud -- Isolated lowering of the Isolated lowering of the 
Rain Free Base, attached to the cloud Rain Free Base, attached to the cloud 
base. base. 

•• Shelf CloudsShelf Clouds
•• BeaverBeaver’’s tails tail



Wall cloud and rain free baseWall cloud and rain free base



Shelf Cloud



Shelf Clouds vs. Wall CloudsShelf Clouds vs. Wall Clouds
What Is The Difference?What Is The Difference?

Shelf CloudsShelf Clouds

Suggest downdraft/outflowSuggest downdraft/outflow

Move away from precipitation Move away from precipitation 
areasareas

Horizontally orientated and Horizontally orientated and 
can extend for miles. May can extend for miles. May 

““rollroll”” like a rolling pin.like a rolling pin.

Wall CloudsWall Clouds

Suggest updraft/inflowSuggest updraft/inflow

Maintain position with Maintain position with 
respect to precipitationrespect to precipitation

Isolated, vertically Isolated, vertically 
orientated, orientated, and and 

rotating, rotating, like a spinning like a spinning 
skaterskater



BeaverBeaver’’s Tails Tail
Inflow feature Inflow feature –– Usually east side of the stormUsually east side of the storm



MammatusMammatus CloudsClouds
Underside of a thunderstorm anvilUnderside of a thunderstorm anvil



DonDon’’t be fooledt be fooled……..



Things to keep in mind when Things to keep in mind when 
viewing a specific featureviewing a specific feature

•• Rotation?Rotation?
–– Where?  How strong?  Persistence?Where?  How strong?  Persistence?

•• OrientationOrientation
–– Where is the feature with respect to rain free Where is the feature with respect to rain free 

base?   Precipitation area?base?   Precipitation area?
–– What direction are you looking?What direction are you looking?

•• Shelf cloud, wall cloud, beavers tail?  Shelf cloud, wall cloud, beavers tail?  



Would you call this into the Would you call this into the 
weather service?weather service?



No.  No.  This is just a rain shaft.This is just a rain shaft.

Notice, there is no wall cloud.Notice, there is no wall cloud.



Should you be concerned about Should you be concerned about 
this?this?



No.   It is just a cloud shadow No.   It is just a cloud shadow 
(higher cloud casting shadow on a (higher cloud casting shadow on a 
lower cloud).lower cloud).

If you were spotting and saw this, what things might you If you were spotting and saw this, what things might you 
look for to determine if it was a tornado or not?look for to determine if it was a tornado or not?



Quick reviewQuick review
Identify the features in this picture

Tail Cloud

Wall Cloud Rain Area
Rain Free Base



Quick ReviewQuick Review
Which of these pictures shows an outflow 

feature?

#1 #2

#3 Shelf Cloud - Outflow



Quick ReviewQuick Review
Which weather events in the following list 

would make a thunderstorm severe 
(according to NWS definition)?

A. Wind gusts of 60 mph 

B. Tornado

C. Lightning causing power outages and tree damage

D. ¾ inch hail covering the ground

E. Flooding rains causing creeks and rivers to 
overflow their banks

No

No

Yes

Yes

Yes



LetLet’’s put it all togethers put it all together

•• What to ReportWhat to Report
–– Any size hailAny size hail
–– Wind Damage (trees, shingles off roofs)Wind Damage (trees, shingles off roofs)
–– Estimated highest wind speeds (Estimated highest wind speeds (beaufortbeaufort scale)scale)
–– Flooding (water washing out roads, ditches full)Flooding (water washing out roads, ditches full)
–– Wall clouds, shelf clouds, beavers tailWall clouds, shelf clouds, beavers tail
–– Tornado Tornado 



Winter snowfall reports are also Winter snowfall reports are also 
neededneeded

SkywarnSkywarn spotting is a year round job!spotting is a year round job!

• 12 and 24 hour snowfall

• Total depth of snow on the ground

• Heavy snow of 1”+ per hour

• Any ice accumulation

What to report:

When and how to report:

• 2 X per day (morning and evening)

• Use the 800# to make your reports

• Or use our internet reporting system



Remember to use the TEL Remember to use the TEL 
method when making your method when making your 

reportreport

•• TTime ime –– When did it happen?When did it happen?
•• EEvent vent –– What did you What did you 

observe?observe?
•• LLocation ocation –– Where did this Where did this 

occur?occur?



Your NWS on the internetYour NWS on the internet
•• Digital Weather Grids, Warning Maps, Radar Digital Weather Grids, Warning Maps, Radar 

and Satelliteand Satellite
–– Detailed forecasts out to 7 days, includes hourly Detailed forecasts out to 7 days, includes hourly 

datadata
–– Map of our area with current watches and warningsMap of our area with current watches and warnings



An online reporting system which allows spotters to send 
reports directly to forecasters at the NWS



•• Big note:Big note: Real time life threatening severe weather Real time life threatening severe weather 
reports should be reports should be CALLEDCALLED into the NWS on the 800#. into the NWS on the 800#. 

Registration is free and only takes a few minutes. Registration is free and only takes a few minutes. 
www.weather.gov/gaylordwww.weather.gov/gaylord



NOAA All Hazards Weather RadioNOAA All Hazards Weather Radio

•• Voice of the NWS.  Network of 583 stations nationwideVoice of the NWS.  Network of 583 stations nationwide

•• NOAA Weather Radio can be heard by about 90% of the NOAA Weather Radio can be heard by about 90% of the 
U.S. populationU.S. population

•• Continuous weather information broadcasts from local Continuous weather information broadcasts from local 
forecast offices of:forecast offices of:
–– WarningsWarnings
–– WatchesWatches
–– ForecastsForecasts
–– ObservationsObservations

•• For more information, visit the NOAA Weather Radio For more information, visit the NOAA Weather Radio 
Web Site at Web Site at www.nws.noaa.gov/nwrwww.nws.noaa.gov/nwr





Questions or comments???Questions or comments???
james.keysor@noaa.govjames.keysor@noaa.gov

989989--731731--3384 3384 

www.weather.govwww.weather.gov
www.wwww.weather.gov/gaylordeather.gov/gaylord

http://www.weather.gov/
http://www.w/
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